We present Spitzer MIPS observations at 24 µm of 37 solar-type stars in the Pleiades and combine them with previous observations to obtain a sample of 71 stars. We report that 23 stars, or 32% ± 6.8%, have excesses at 24 µm at least 10% above their photospheric emission. We compare our results with studies of debris disks in other open clusters and with a study of A stars to show that debris disks around solar-type stars at 115 Myr occur at nearly the same rate as around A-type stars. We analyze the effects of binarity and X-ray activity on the excess flux. Stars with warm excesses tend not to be in equal-mass binary systems, possibly due to clearing of planetesimals by binary companions in similar orbits. We find that the apparent anti-correlations in the incidence of excess and both the rate of stellar rotation and also the level of activity as judged by X-ray emission are statistically weak.
-2 -in astronomy and planetary science. Several hundred extrasolar planets have been discovered in the last 15 years, establishing that planetary systems form frequently. We have also significantly expanded our understanding of the planet formation process, through measurements of protoplanetary disks in the critical mid-infrared through submillimeter regimes (e.g., Andrews & Williams 2005; Silverstone et al. 2006; Hernández et al. 2006 ) and development of detailed two-and three-dimensional numerical models to simulate and interpret these results (e.g., Alexander 2008; Dullemond et al. 2007 ). However, after protoplanetary disks dissipate at about 5 million years, the processes leading to planet formation and its remaining signatures become almost invisible to most types of observation.
Planetary debris disks, resulting from collisional activity among planetesimals (Wyatt 2008) , are a notable exception and thus are our best current means to characterize planet system evolution. Debris disks are readily detected through the infrared emission from dust particles, which are produced in collisional cascades initiated among larger bodies, e.g., through gravitational stirring by planets. The generation of dust can be further enhanced when the particles become small enough that non-gravitational forces become significant, leading in extreme cases to avalanches of particle generation (Grigorieva, Artymowicz, & Thébault 2007) . The dust is cleared from the disk on time scales of a thousand to a million years, so it must be replenished. Thus, debris disks are an effective indirect means to probe the current level of collisions in planetary systems.
One application of debris disk studies is to characterize the collisional activity as planet systems age (e.g., Habing et al. 2001; Spangler et al. 2001) . Previous work has shown that debris disks tend to decay with time (Rieke et al. 2005; Siegler et al. 2007 ). The excellent sensitivity of the Multiband Imaging Photometer on Spitzer (MIPS; Rieke et al. 2004) and, more importantly, the accurate photometry it can deliver, have expanded such studies substantially (e.g., Rieke et al. 2005; Su et al. 2006; Gorlova et al. 2006; Siegler et al. 2007; Meyer et al. 2008; Trilling et al. 2008; Hillenbrand et al. 2008; Carpenter et al. 2009a; Balog et al. 2009 ). In addition to accurate infrared photometry, such studies depend on the accurate determination of stellar ages. Substantial uncertainties remain in even the best age determinations for field stars (e.g., Mamajek & Hillenbrand 2008) . Therefore, measurements of excesses in stellar clusters, where ages are better determined, can refine the estimates of decay trends. However, the number of clusters close enough for the measurements to probe to solar masses and below is limited, and characterizing the decay trend and other disk parameters is therefore limited by poor statistics (Gáspár et al. 2009 ). For these reasons, it is important to observe thoroughly the small number of nearby rich clusters available. Only through such measurements can we test whether there are differences in disk behavior around different stellar types, with their accompanying differences in luminosities, masses, and presumably protoplanetary disk masses. For example, initial studies failed to find significant differences in infrared excess decay with respect to spectral type (e.g., Gorlova et al. 2006; Siegler et al. 2007 ), but with improved statistics they seem to be emerging (Gáspár et al. 2009 ). Removing age as a parameter also allows us to study other parameters affecting debris disk evolution, such as the various mechanisms for grain removal.
This paper completes our analysis of Spitzer debris disk surveys in the Pleiades. We report 24 µm measurements of a sample of 37 stars of late F to early K type in this cluster. We combine these measurements with previous surveys by Stauffer et al. (2005) and Gorlova et al. (2006) to assemble a combined sample of 71 such stars. Our final excess rate provides the highest-weight determination available for debris disk behavior at 115 ± 10 Myr, the age of the Pleiades (Meynet, Mermilliod, & Maeder 1993; Stauffer, Schultz, & Kirkpatrick 1998; Martín, Dahm, & Pavlenko 2001) . In Section 2, we describe our observations and sample selection. In Section 3, we describe how we obtained excess ratios for our sample using both color-color plots and Kurucz model-fitting. In Section 4, we interpret these excesses through comparisons with similar studies of Praesepe, Blanco 1, and NGC 2547. We also present an analysis of binarity, rotation, and stellar wind drag, as possible ways for the dust to be removed. Finally, in Section 5 we conclude with a summary and some possibilities for future work. Table 1 lists our sample stars, with notations from Hertzsprung (HII: 1947) , Artyukhina & Kalinina (AK: 1968) and Pels et al. (1975 , Van Leeuwen, Alphenaar, & Brand 1986 . Their Pleiades membership is based on criteria similar to those used by Stauffer et al. (2005) ; i.e., they are likely cluster members based upon radial velocities, proper motions, chromospheric and coronal activity indicators, and lithium abundance (Stauffer & Hartmann 1987; Soderblom et al. 1993; Queloz et al. 1998; . These stars are mostly of spectral types F5 to K1, when types are available; we also required 1.05 < V − K S < 2.15, appropriate for this range of types (Tokunaga 2000) .
Observations, Data Reduction, and Sample Selection
A few stars need to be discussed individually. HII 3031 is of indicated type F2 and fails the color selection. AK1B590 is indicated to be type F2 but passes the color test, so we have retained it. HII 1139 and Pels 128 were also rejected because the photometry may be influenced by close stars of similar brightness and HII 2172 was rejected because of a structured background. Thus, we report the photometry of HII 3031, HII 1139, HII 2172, Pels 128, and Pels 173
1 , but do not include them in the analysis of the final sample. The remaining 32 objects are termed the new sample.
We used the MIPS in photometric mode to measure the 24 µm emission from the stars in the new sample (PID: 30503) with final integration times of 93-313 s depending on the source brightness. The data were reduced with the MIPS Instrument Team Data Analysis Tool (DAT; Gordon et al. 2005) with the specific prescription for maximum photometric accuracy described by Engelbracht et al. (2007) . The calibration is based on Rieke et al. (2008) . We extracted photometry using point-spread function (PSF) fitting with a smoothed theoretical PSF generated by the STinyTim program (Krist 2006) . We also compared the results for consistency with aperture photometry of the same star and examined each field for nearby objects or background structures that might compromise the photometry, leading to rejection of HII 1139, 2172, 3031, and Pels 128 mentioned above. Most of the stars reside far from the cluster center, reducing the risk of poorly measured or confused 24 µm emission. The sample properties are summarized in Table 1 .
We also include in our analysis other Pleiades members measured by Stauffer et al. (2005) and Gorlova et al. (2006) . The full sample of Gorlova et al. (2006) includes Pleiades members of B-type and later. We took from it all stars where the appropriate intrinsic colors matched the color selection in our new sample. Where spectral types are available, they generally agree with this color selection, although there are two stars within the color selection (HII 1338 and 1912) that are indicated to be F3 and F4, respectively. Although their relatively red colors for their types might arise from reddening, there might also be type errors, so we retained them in the sample. We rejected stars where the indicated noise exceeded 4% of the signal (HII 1095 (HII , 1207 (HII , 1794 (HII , 2311 (HII , 2341 , since our goal is to detect excesses at this level (1σ). All together, the combined sample for analysis has 71 members, consisting of the 32 in our new sample observed for this paper plus all retained stars from Gorlova et al. (2006) and Stauffer et al. (2005) . Table 2 lists this complete sample with flux measurements.
1 Pels 173 was eliminated because of general confusion about its nature. It is generally considered to be the C component of the triple system, BD +22 617 = HD 25201. The A and B components are a close B9/A binary with proper motion and photometric characteristics consistent with membership in the Pleiades, but with a parallax that puts them significantly behind the cluster. The C component, about 1' removed, is of spectral type F2 and has photometric colors consistent with this designation, but is too faint by ∼ 0.6 mag for an F2V star within the Pleiades. The most likely designation for these three stars is that they in fact are a physical system but are behind the Pleiades, and therefore, for our purposes, are not useful because there is no good age estimate. Many of the discussions of this star in the literature mix properties of the different components in non-physical combinations.
Determination of Excesses
Identifying 24 µm excesses requires an accurate extrapolation of the photospheric output to this wavelength. We define the ratio of the observed 24 µm flux density to the extrapolated photospheric flux density, the excess ratio, as an indicator of the level of excess emission (no excess and no measurement errors would yield an excess ratio of unity). We first describe how we carried out this step for the new sample. We then discuss the steps to put the studies of Stauffer et al. (2005) and Gorlova et al. (2006) on the same scale to provide a uniform combined sample.
The New Sample
We assembled a database including available optical and near-infrared photometry for the stars in this sample. We used these data for two independent approaches to extrapolate the photospheric spectral energy distributions (SEDs), one based on fitting stellar SED models and the other based on applying photometric colors. Comparing the results of these methods shows that they give similar performance, so our final excess ratios are based on the average of the two SED extrapolations.
SED Fitting
The database listing for each star included, if found, spectral type, extinction, temperature, and the following photometry: Johnson UBV RI, Two Micron All-Sky Survey (2MASS) JHK S , Hipparcos BV , and Strömgen uvby. Almost all the stars had BV RJHK S photometry available, most had U and I, and a few had the other bands. Table 1 presents our database of photometry, effective temperatures, surface gravities, spectral types, and metallicities used for SED fitting.
The SED fitting was based on Kurucz models (Castelli & Kurucz 2004) and utilized an interactive code written in IDL. To create the SEDs, we used the constraint that the Kurucz model-fitting program fit the available photometry from 0.5 to 5 µm. We recorded the Hipparcos B and V photometry separately and included it in the fits as independent points from the literature BV photometry, unless the literature photometry was based on those measurements. The effective temperatures listed in Table 1 were used as initial estimates in the SED fitting procedure. For each star we searched for models at ± 750 K centered near the expected effective temperature to obtain the best-fit SED.
Photometric colors
Extrapolation of the photospheric SED using photometric colors, e.g V − K S versus K S - [24] , is a relatively easy method to apply to large samples of stars. It has the convenient feature that it is self-calibrating. Since many stars can be anticipated to have no excess emission at 24 µm, there is a strong peak at small values of the excess ratio that can be set to one. There is a risk that small excesses will be lost through this approach. In comparison, SED fitting as in Section 3.1.1 has the advantage that it retains the absolute SED level, but with the disadvantage that the level deduced depends on the accuracy of the theoretical photosphere models. In this paper, we will place color-based extrapolation on an absolute scale and then compare the results with those from SED fitting to probe these advantages and disadvantages.
We used the FEPS sample (Carpenter et al. 2008) to probe different approaches to using photometric colors, after checking that the 24 µm photometry in that paper is consistent with ours. For this sample, we can use 2MASS JHK S photometry to anchor photospheric predictions, since almost all the members are fainter than the 2MASS saturation limit. The FEPS team also obtained IRAC photometry at three bands for the sample. To select a subsample that should have very few stars with excess emission, we used chromospheric activity as an indicator of stellar age and accepted only those stars indicated to be older than 500 Myr in the calibration of Mamajek & Hillenbrand (2008) . We used the width of the peak in excess ratio, W ex , as an indicator of the quality of the extrapolation; this metric is not influenced by a small number of outliers (e.g., stars with excess emission). Carpenter et al. (2008) derive a number of small corrections to the IRAC and MIPS photometry based on the behavior of the sample as a whole. We found that application of these corrections either in the IRAC bands or at 24 µm increased W ex . The best performance was obtained by using just the uncorrected 8 µm photometry, yielding an rms scatter of 1.6% in the extrapolated flux density at 24 µm compared with the measured values.
For many stars listed in Table 2 , including the new sample of Pleiades stars, IRAC photometry is not available; 2MASS (or other JHK) photometry must be used for SED extrapolations. We found that this extrapolation was most accurate when the K S -band measurement was combined with the H-band measurement using the nominal H − K color for the spectral type of the star and weighting by the quoted 2MASS errors. To do this, we plotted V −K S versus H −K S and used a fit to determine V −K S , which we used to estimate the stellar types. Addition of the J-band data decreased the accuracy, presumably because the J − K S color is a relatively strong function of spectral type and the derived spectral types have significant errors. The result using just the H-and K S -band data provided rms deviations of 2.5% in the extrapolated flux density at 24 µm, i.e., about 1.5 times the scatter obtained with the 8 µm band. This study allowed us to set the value of 89 for the ratio of K S -band to 24 µm flux densities that gives an excess ratio of one for stars with no excess. This value agrees to within 1.4% with the similar value from the calibration of Rieke et al. (2008) , that is, within the quoted error there of 2%. We use the value derived from the FEPS data to analyze our observations of the new sample.
Final Excess Ratios
For the new sample, the excess ratios determined by SED fitting and by photometric colors are of comparable quality. They are generally in agreement with an rms difference of 3%. We therefore averaged the two determinations. The final value of the rms scatter for the stars with no evidence for excesses is 3.6%. Given typical errors for the 2MASS K S magnitudes (even after combining with the H-band magnitudes of 2% and the expected noise level of the observations ∼ 3%), this value is reasonable. It is only slightly worse than the noise level achieved on much brighter field stars (e.g., Su et al. 2006; Trilling et al. 2008) , showing that no additional error sources intrude at the much lower signal levels of the Pleiades stars. Stauffer et al. (2005) used IRAC 8 µm photometry for their SED extrapolations. We put their results on the same scale as those for the new sample by applying the corrections derived in Rieke et al. (2008) . We augmented the results of Gorlova et al. (2006) with 2MASS H-band photometry converted to the K S -band as described above, in all cases where the indicated K S -band error was greater than 0.02. Table 2 includes the 24 µm fluxes and excess ratios for the full sample.
The distribution of excess ratios for the combined sample is plotted in Figure 1 , which also shows a Gaussian fit to the distribution. The fit was optimized by computing chi-squared over a window centered at the derived fit center and extending to the point at ∼ 15% of the distribution peak on either side. This approach was designed to reduce the effect on the fitted parameters by stars with excesses. The final fit is centered at 0.998 with a standard deviation of 0.032.
Results
From Figure 1 , excess ratios > 1.1 are identified as having infrared excesses at 24 µm. This corresponds to 3σ of the Gaussian fit shown. The incidence of excesses for ratios > 1.06 can be estimated by subtracting the fit to the no-excess distribution from the observed numbers of stars with excesses in this range. Out of a total combined sample membership of 71 stars, 23 have excess ratios exceeding the 3σ level. Fourteen have ratios > 1.16 (or > 5σ) for comparison with the study of Praesepe by Gáspár et al. (2009) . An additional six stars may have excess ratios between 1.06 and 1.10. By definition, subtracting these numbers from the observed distribution leaves the values fitted adequately by the Gaussian for no excess. Since its center is not significantly offset from one, it is likely that these remaining 42 stars have very little excess emission down to a low level. Expressed as percentages, 20% ± 5.3% have excess ratios > 5σ, 32.4% ± 6.8% have them > 3σ, and about 41% ± 7.6% have them > 1.06 (∼ 1.7σ). These values are higher then previous estimates for the incidence of excess in the Pleiades, but consistent with the old ones within the errors and given the identification of excess at smaller flux levels in this analysis. The remaining 59% have no excess exceeding the 1.7σ level.
Because we include in our analysis stars from previous studies, we will address some possible biases in our results. We include HII 1338 and 1912, which do not meet the colorselection criteria. Since early-type stars in general may have a higher incidence rate of 24 µm excesses than later type ones, a bias toward stars with excess emission might result. However, neither of these stars has an excess, adding no bias to the sample in that regard. We also rejected other stars due to low signal-to-noise ratio (see Section 2). Rejecting stars with low signal-to-noise ratio might bias the sample in favor of excesses; however, only one of these stars (HII 1095) has any indication of an excess (in this case at the 4σ-level of significance), so the incidence of excesses among these stars is approximately the same as we derive for the full sample and no significant bias is likely. Therefore, we are confident that the excess rates derived above are correct for our sample.
Discussion
Our study of the Pleiades probes the debris disk characteristics in a large sample of solar-type stars of well-determined age. We compare our sample to similar studies done with A stars and the Blanco 1 open cluster. We show that debris disks emitting at 24 µm are still common at 100 Myr around both A-and solar-type stars, which provide an important constraint on theoretical models for their dissipation and replenishment. We also use this sample to examine possible correlations with other stellar parameters. Normally, the dramatic decay of infrared excesses with age, combined with the uncertainties in stellar ages, can mask important second-parameter effects. However, since age variation is removed in the studies of the Pleiades and other open clusters, they provide the best opportunity to examine other influences on debris disk behavior.
Comparison of Incidence of Excesses
Our value for the incidence of excesses in the Pleiades can be compared with that of Stauffer et al. (2009) on the Blanco 1 cluster. This cluster is similar in age to the Pleiades (∼ 100 Myr) but about twice as far away (∼ 250 pc). Within the spectral type range for our Pleiades study (1.05 ≤ V − K S ≤ 2.15), there are 18 Blanco 1 members observed at 24 µm. Two of them, W91 and W99, are identified as having 24 µm excesses at > 3σ ). Three more, W38, W53, and Z5102, have excesses indicated at > 2.5 σ. The method used to estimate σ in this paper, comparing photometry of sources observed in more than one pointing, is very conservative as applied to sources targeted for photometry. The latter objects are centered in the field and measured in exactly the way used for calibration stars, on which the standard sensitivity estimates are based. The former objects tend to lie near field edges and would be expected to have lower-accuracy measurements. In fact, the Spitzer Science Center sensitivity estimator suggests that the 1-σ level for the targeted objects in the Stauffer et al. (2009) survey should be about 25 µJy ([24] = 10), which is nearly twice as accurate as indicated in Stauffer et al. (2009) . We therefore consider W38, W53, and Z5102 to have reliably measured excesses also. We adopt a net count of 5 excesses among 18 stars, or an incidence of ∼ 28%. This result is close to the one for the Pleiades, albeit at much lower statistical significance.
We can also compare our Pleiades sample with the members of the sample of A stars selected from Su et al. (2006) whose ages are between 50 and 300 Myr. This study has a "zero-point"excess ratio for no excess of 0.981 and 1σ = 0.026, compared with 0.998 and 0.032, respectively, for our Pleiades sample. Therefore, to compare at similar detection thresholds, we determine the number of A-stars with excess ratios above 1.08 and 1.13 for 3σ and 5σ, respectively. Of 69 A stars within this age range, 21 have excess > 5σ and 25 have them > 3σ, corresponding to 30% ± 6.6% and 36% ± 7.2%, respectively. The latter value is slightly higher than the corresponding one for solar-type stars, i.e. (combining the Pleiades and Blanco 1), 28 of 89, or 31% ± 5.9%, but the difference is within the statistical uncertainties.
The relative weakness of this dependence on spectral type at the age of the Pleiades can be contrasted with the virtual complete absence of 24 µm excesses around solar-type stars at 750 Myr (Gáspár et al. 2009 ). It appears that old A-type stars have a higher incidence of excesses, although they too experience a rapid decline in this regard after ∼ 100 Myr (Gáspár et al. 2009 ). There may be a relatively simple explanation for this type of difference in excess evolution. The A-type stars have typically 2.5 times the mass and 25 times the luminosity of the solar-type ones. The thermal equilibrium distance from the star for grains emitting at 24 µm will be five times greater for the A stars, and the Keplerian orbital velocities of the grains will be square root of two less. Thus, the collisional evolution time scales for the portions of the debris systems that dominate the 24 µm emission should be longer for the A stars than for the solar-type ones. These scalings also show that all the dust production and clearing time scales will be longer for the A-type stars (Dominik & Decin 2003) , again consistent with the slower decay of the excesses around them. We can also relate this to our own Sun. Combining our excess rate at 100 Myr with that at 750 Myr, we estimate that only a small fraction of solar-type stars at the age of the Sun, if any, will have detectable excesses at 24 µm, assuming a steady decay rate. An analysis of the excess decay time scales as a detailed function of stellar mass, e.g., using the full Spitzer data set, may be able to test this basic hypothesis and to refine it into a test of models for debris disk evolution. Carpenter et al. (2009b) present a similar study, comparing the excess fractions of earlyand solar-type stars at various ages by compiling data from several previous works (see Figure  6 and Table 4 in their paper). From Figure 6 in their paper, at 100 Myr, the excess fractions between early-and solar-type stars differ significantly, with the latter type having the lower excess fraction. However, Carpenter et al. define solar-type stars as being from G0 to K5 in spectral type, whereas we have defined solar type as F5 to K1, placing a G2 star more in the center of the range, in regard to mass. Using color as an approximate indication of spectral type, we count 27 stars in our full sample as F-type, and the remaining 44 as G or K type. Of the 27 F-type stars, 12 have excesses giving a fraction of 44%. Of the Gand K-type stars, 11 have excesses giving a fraction of 25%. We attribute the difference in results between our paper and Carpenter et al. (2009b) as due to the difference in definition of solar-type stars. et al. (2009) found that binary stars in Blanco 1 and NGC 2547 tended not to have 24 µm excesses. Gorlova et al. (2006) previously found similar results for stars in the Pleiades. We use similar methods to probe this correlation for our combined sample. Figure  2 shows V versus B − V for the stars listed in Table 2 . Possible binary systems were found fitting the photometry to the single star locus found in Stauffer et al. (2007) . The difference between the observed V magnitude and the single-star locus, or ∆V , for each star is listed in Table 2 ; stars with ∆V of greater than 0.2 are likely to be binaries. To test whether binarity affects the excess rate for our sample, in Figure 3 we show excess ratio versus ∆V . The trend is very similar to that reported by Stauffer et al. (2009) and confirms the anti-correlation between binarity and 24 µm excess. Both stars with extreme excesses, AK II 437 and HII 1132, follow this trend, although they are not shown in Figure 3 . To test this trend for the higher-mass binary systems, we used a Kolmogorov Smirnov (KS) test, which revealed an 8% probability that there is no anti-correlation between excess and high-mass binarity, assuming a cutoff of 0.4 for ∆V.
Excesses and Binarity

Stauffer
Most of the Pels and AK stars have not been well-studied for binarity. However, separations for stars previously identified as binaries are listed in Table 2 . The typical separation is less than 0.5 arcsec, which corresponds to ∼ 70 AU at the distance of the Pleiades. Given the separations, it is plausible that the binary companions are disrupting any possible disks around these stars. In fact, Figure 4 of Trilling et al. (2007) shows a general absence of 24 µm emission for field binaries with similar separations to those that are typical in the Pleiades, and they explain the effect as being a result of the disruptive effect of a binary companion at a distance from the star where a debris disk could typically be located.
Correlations of Excesses with X-ray Activity and Rotation
In general, for solar-type stars, rotation rate correlates with X-ray luminosity (Noyes et al. 1984) ; both correlate inversely with the age and may correlate directly with the strength of the stellar wind (Wood et al. 2005; Holzwarth & Jardine 2007; Cranmer 2008) . There are a variety of reasons to expect correlations among these parameters and the incidence of infrared excesses. For example, Currie, Plavchan, & Kenyon (2008) find an inverse correlation between the stellar rotation rate and the amount of material available to produce a debris disk among early-type stars in the young cluster NGC 2232, and suggest that massive protostellar disks allow stars to spin down efficiently so that an inverse correlation is to be expected. A possible issue with applying this argument to excesses at 24 µm is that most of the mass in a debris disk is typically in the cold component that dominates the 70 µm emission, so the correlation may not be apparent at the shorter wavelength. Another possibility is that strong stellar winds remove debris dust quickly (Plavchan, Jura, & Lipscy 2005; Minato et al. 2006) . The difficulty in confirming this prediction lies in the uncertainties in determining stellar winds, as is made clear in the review by Cranmer (2008) . The number of stars with direct wind measurements is small; they indicate a roughly linear dependence on X-ray emission but with a substantial deviation downward at high X-ray luminosity (Wood et al. 2005) .
By removing the age dependence of the infrared excesses, observations in clusters let us probe for any relations with these other parameters. Below, we consider rotation and X-ray surface brightness (and presumably stellar winds).
Rotation
We use the measured vsini as an indicator for stellar rotation rate. In Figure 4 , we show the excess ratio at 24 µm versus vsini for the stars in Table 2 . Each star with a significant excess has vsini < 50 kms −1 , including both stars with extreme excesses (AK II 437 and HII 1132). Stauffer et al. (2009) found a similar effect in the Blanco 1 data. Rebull et al. (2008) also found a slightly inverse trend between excess and rotation for G, K, and M stars in the β Pic moving group, but suggested as an alternative explanation that it could be due to stellar wind.
However, in all these cases, the number of stars in the samples also decreases with increasing vsini, making it necessary to test for selection bias. To do so, we have combined the Pleiades and Blanco 1 samples (after removing from the former stars with extreme excesses that probably arise through recent large events (HII 1132 and AKII437)). A K-S test gives a 38% probability that the correlation arises by chance, using 50 kms −1 as the boundary between slow and fast rotation. After the eliminations listed above, there are only 7 stars with vsini above that boundary, compared to 72 stars below. With a cutoff of 30 kms −1 , the probability increases to 49%. Figure 4 is suggestive of a correlation between 24 µm excess and rotation because none of the fast rotators have excesses; however, because there are so few stars with large vsini, the apparent correlation could be the result of small number statistics. Stellar rotation has also been studied in a number of young clusters through high accuracy photometry (Aigrain et al. 2007 ). However, the overlap between the stars with measured rotation periods and those studied for excesses with Spitzer is inadequate to extend this test. Within the limitations of current data, we conclude that there is no evidence for an inverse correlation of infrared excess at 24 µm with rotation, at least for solar-type stars of ∼ 100 Myr age.
Stellar Winds
The Pleiades stars generally show an inverse relationship between X-ray luminosity and the presence of 24 µm excesses. Figure 5 shows the excess ratio at 24 µm versus X-ray surface brightness for members of the Pleiades, NGC 2547, and Blanco 1, all of which seem to show this effect. Similar behavior was found previously for much younger stars in the Scorpius-Centaurus OB association (Chen et al. 2005 ).
Such behavior might be associated with stellar winds. There are several mechanisms for clearing dust grains in debris disks, including particle-particle collisions and, when the grains are small enough, Poynting-Robertson drag, stellar wind drag, and photon pressure (Plavchan et al. 2009; Gustafson 1994 , and references therein). The relative roles of these grain-removal mechanisms depend on the age and spectral type of the star (Plavchan et al. 2009 (Plavchan et al. , 2005 . Dominik & Decin (2003) and Wyatt (2005) show that grain-grain collisions are more important than Poynting-Robertson drag for grain removal in typical mature debris disks. However, winds act in a similar way to Poynting-Robertson drag to cause grains to spiral into the star. The strong winds typical in young stars can become the dominant grain removal mechanism for winds greater than three times the solar value, so long as the amount of dust in the relevant part of the debris system is moderate (Minato et al. 2006; Plavchan et al. 2009 ). Plavchan et al. (2009) show that stellar winds affect the evolution of debris disks around K and M dwarfs, and suggest that they could also be important for young solar-type stars.
We have investigated this possibility by computing approximate X-ray surface brightnesses, F x (which should be roughly correlated with wind strength), and comparing these values with excess ratio. We obtained stellar surface areas (A * ) by estimating stellar luminosities, masses, and temperatures from an isochrone (Marigo et al. 2008; Bonatto, Bica, & Girardi 2004) fitted to the stars' M K and V − K S measurements. Fitting parameters for the isochrones for each cluster are listed in Table 3 . In keeping with our sample selection for the Pleiades, we selected from the NGC 2547 and Blanco 1 subsamples stars with 1.05 < V − K S < 2.15 to limit our analysis to solar-type stars.
We computed the fractional infrared luminosities as ∼ νL ν (24µm), assuming the disk temperatures are about 150 K. This temperature yields a lower limit to the true fractional luminosity. This assumes that the stars are single stars, but we have already shown that another removal mechanism tends to dominate for binaries. Upper limits on the fractional luminosities for those stars with excess ratios less than 1.0 were assumed to have a maximum excess ratio of 1.064, corresponding to 2σ above the photosphere. We assumed cluster distances of 407 pc and 250 pc for NGC 2547 and Blanco 1, respectively (Mayne & Naylor 2008; Panagi & O'Dell 1997) . For the Pleiades, we assumed the more traditional distance of 130 pc.
We used the X-ray surface brightnesses to estimate the stellar wind strength. There are indications that any relation between wind and X-ray properties may saturate at large values (Wood et al. 2005; Cranmer 2008) , producing significant differences between the observed and predicted wind strengths. But because the saturation level is not well-determined, we use the formula proposed by Wood et al. (2005) scaled to 36 Oph to estimate the dependence of the stellar wind strength on the X-ray surface brightness. Below, we discuss each cluster individually.
Pleiades. We used ROSAT X-ray fluxes. For HII 1797, we fitted the isochrone to its B − V color instead of V − K S , as 2MASS K S was not available. Pleiades X-ray luminosities and fractional infrared luminosities are listed in Table 2 . Only one star, HII 152, has a significant excess and a strong estimated stellar wind. Neither star with an extreme excess, AK II 437 and HII 1132, has ROSAT data.
NGC 2547. For those NGC 2547 members with 24 µm detections, X-ray luminosities and V magnitudes were obtained from Jeffries et al. (2006) . Gorlova et al. (2007) identified stars with excesses on a V-K versus K-[24] plot. We found an approximate excess ratio for each star and set 1.10 as the threshold for having a meaningful 24 µm excess for NGC 2547, similar to that for the Pleiades. The excess ratios and fractional luminosities for NGC 2547 members are listed in Table 4 by right ascension (R.A.) and declination (decl.). Two stars in NGC 2547 (R.A., decl.: 122.446875, -49.21808333 and 122.5642083, -49 .09686111) show strong winds and excesses. There are eight stars in total that meet our V-K color criteria and are reasonably likely to have 24 µm excesses ). Assuming upper limits of logL X < 29.3 for the ones not detected, then six stars with infrared excess have weak winds. This is a conservative estimate of the upper limit on logL X given that nearly half of the stars in the sample were detected having a logL X < 29.3, and it accounts roughly for the drop-off in sensitivity with off-axis angle of the telescope. Blanco 1. Photometry was obtained from Stauffer et al. (2009) . Fractional luminosities were computed using the same method as for the Pleiades and NGC 2547 and are listed by star in Table 5 . None of the 19 stars show an excess and a strong indicated stellar wind.
Including stars with upper limits, for all three samples it is uncommon for a star with a strong computed wind to show a significant infrared excess. Since only a modest wind is sufficient to dominate the grain removal (Minato et al. 2006; Plavchan et al. 2009 ), this result should be independent of the saturation effects. When we use the KS test, the lowest probability that this correlation arises by chance is about 12%, using F X ∼ 7.2 × 10 6 ergss −1 cm −2 as the threshold. As a check, we repeated this procedure using our upper limits on the fractional luminosities in place of the excess ratios at 24 µm and found no evidence for a correlation. Allowing for the extra free parameter associated with adjusting the K-S test to minimize the probability of a chance correlation, these results again suggest that there is no significant relation.
We also tried to estimate the level of saturation for the wind strengths, assuming that collisional timescales do not differ much from drag timescales ((e.g., see Equation (A23) in Plavchan et al. 2009) . A significant number of stars have substantial excesses, even though the indicated wind strength would produce subtantial drag. It is therefore likely that the wind strengths are overestimated. However, we cannot say anything more quantitative due to the issues mentioned above as well as errors in our estimates of the fractional luminosities. More observations and/or an alternative estimate of wind strengths are needed to test the influence of stellar winds on infrared excesses.
Conclusions
We report the results of a new survey of solar-type stars in the Pleiades for 24 µm excess indicative of circumstellar debris disks. We combine this work with previous surveys Gorlova et al. 2006 ) to build a sample of 71 solar-type stars in this cluster with sufficiently accurate data to identify excesses as small as 10% at 24 µm. Twentythree of these stars have excesses at this level or above; on statistical grounds, it is likely that about six additional members have excesses in the 6% to 10% range, and the remaining 42 stars must have little or no 24 micron excess. The incidence of excesses at 24µm and at the age of the Pleiades is high, ∼ 31% ± 6%.
We find that the incidence of 24 µm excesses for solar-type stars in the Pleiades is slightly smaller than for A stars (from a general sample mostly in the field: Su et al. 2006 ). It appears that by an age of ∼ 750 Myr, the excesses around solar-type stars have decayed faster than they decay around A stars (Gáspár et al. 2009 ). The effect probably arises through a mechanism that operates relatively slowly, such as systematic velocity differences in 24µm-emitting zones of the debris disks around the two stellar types and the resulting difference in the speed of debris disk evolution.
Our study of the Pleiades, plus similar work on other clusters, lets us test aspects of debris disk behavior independently of the evolution of these systems with age. We confirm the results of Stauffer et al. (2009) that close, high-mass binary systems tend not to harbor debris disks. This behavior is probably associated with binary companions that orbit close to the zone where debris disks tend to lie ). There appear to be anticorrelations between infrared excesses and both rotation (vsini) and X-ray luminosity, as also indicated by some previous works. However, we find that these results are not statistically significant and may arise instead from selection effects within the debris disk sample. The excesses around stars with indicated strong winds (from X-ray surface brightnesses) suggest that the wind strengths may be overestimated.
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c We estimated [Fe/H] to be 0 when no data were available.
d T ef f was estimated using B − V color where derived temperatures from spectra were not available. See references for sources of derived temperatures.
e I C . were estimated from V − I listed in the Hipparcos catalog. They are converted to I J using the following relation: (V − I) C = 0.778(V − I) J (Bessell 1979) .
f Pels 173: confusion of source. See text for details.
Note. -The photometry and stellar parameters given in this table served as the primary inputs for the SED fitting, to obtain the predicted flux at 24µm for each star in the new sample. Several stars also had photometry in other bands: Hipparcos B and V -AK: IA 36, 1A 76, IB 8, II 383, II 437, III 288, III 756, HII 3031, Pels: 20, 23, 25, 86, 146, 174, TrS42, Tr60; IRAS -HII 1132; uvby -AK 1B 560, HII: 25, 1132 , 1139 , 1766 Johnson JHK -HII 1766, 3031 . The other bands were also included in the SED fitting, but are not listed in the table. Table 2 . A Gaussian has been fitted to show the photospheric behavior along with the effect of the errors in extrapolating it to 24 µm, with the width of the peak, W EX , indicated in the plot. The stars with values above and to the right of the Gaussian show infrared excess emission. Two stars with extreme excesses, AKII437 and HII 1132, are not included in the figure. Table 2 . The triangles represent HII 1139, HII 2172, HII 3031, Pels 128, and Pels 173, which were not included in the final analysis (see text). The circles represent the rest of the stars, with the filled ones having 24 µm excesses > 3σ. The lines represent the main sequence locus for the Pleiades (solid), and the cutoff for binarity (dashed). 
